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I. Introduction. 
    Saturation vapour  pressure of a  condensa-
tion nucleus depends on the size of the nucleus 
 and on the hygroscopic substance in the nucleus. 
The relation between these quantities has been 
studied by WRIGHT (1936),  SIMPsoN (1941) for 
 NaCI and  H2SO4 nuclei. In this paper, no new 
physical idea  was introduced, we only intended 
to derive a convenient approximate  expressions 
between saturation vapour pressure and the 
size of a nucleus containing given amount of 
solute. Recently  Tsuji (1949) has studied the 
problem most thoroughly by considering the 
effect of adsorption of solute on the surface of 
solution. According to him, however, the effect 
of adsorption is not so important for the nucleus 
which contains more than  10-'7 g of solute. 
Now in the atmosphere effective condensation 
nuclei are mainly of the order of d (diameter) 
 >10-km and contain more than  10-17g of solute, 
so that the effect of adsorption was neglected 
in the following  consideration. 
   The Relation between Saturation  Vapour 
Pressure at Plane Surface and the  Con-
centration of Solute. 
    Saturation vapour pressure of normal solu-
tion is given by BRAGG-WILLIAMS' approxima-
tion as follows  :
 P1=  P10(1—  0)exp (a02),(1) 
where  Pi  = partial vapour pressure  of. component
1  ' of the solution. 
    P10  =vapour pressure of pure liquid of 
component  ,1. 
 0  —N2/(N1  +N2) 
 1V1, numbers of molecules of com-
ponent 1 and 2 in the solution. 
       constant depending on  the nature of 
solution. • 
     Aqueous solution, however, is not normal 
solution generally, so that equation  (1) cannot 
be applied to aqueous solution. We assume here 
the following formula for aqueous  solution  : 
 P  P0(1  —0)  exp(c(02+  i60), (2) 
where P ------ saturation vapour pressure of aqueous 
 solution. 
 Po  =saturation vapour pressure of pure 
water at the same temperature as aqueous 
solution. 
 0  mol concentration of solute. 
 a,  /3=  constants depending on the nature 
of solute. 
    If we express the mass and the molecular 
weight of water by  mi and  M1 and those of 
solute by  ni2 and  Ma, by definition, we have 
 n12 
      M2   0 —(3) 
 mi  ma • 
 Mi  1/2- 
    The values of  a,  j  for aqueous solution of
 SATURATION VAPOUR PRESSURE AND 
 NaC1,  /40'2,  MgSO4,  K,SO4i  H2SO4 can be 
determined from  the-measured values of vapour  . 
pressure shown in  LANDOLT-MANSTEIN'S table 
and  International  Critical Table. They are 
listed in Table  1.. In Table 2 are shown the 
values  of P for NaC1 solution calculated from 
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 — 6.68 0.194  
• 26 .0 —1:26 
 —32.4  -70.562
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7.8 7.0 6.1 4.3 2.5  -  1-4 0.9 
7.85 7.03 6.12 4.30 2.39 1.12 0.45
equation (2) and those taken from  International 
Critical Table. The concentration of solution 
is expressed in weight percentage of NaCI in 
solution instead'  of mol concentration. 
    It will be seen that the values of  P  - cal 
and  Pobs agree very well. The values of  P  - cal 
and  Pobs for MgC12,  MgSO4 and K2SO4 solutions 
agree also well, although they were not shown in 
the paper. The values of  Poo and  Pobs for 
 H2SO4 solution are shown in Table 3. We 
see in Table 3 that the values, of  P  cal and  Pobs 
for  H,SO, solution agree  when the weight 
concentration of  I2SO4  is smaller than 50% and 
that they show some discrepancy when the 
concentration exceeds 50%. 
    Hence in the case of  H2SO4 solution 
equation (2)  and the following discussion will 
hold correct only in the range of the concentra-
tion smaller than  50%. 
• 3. Saturation Vapour  Pressfife of Small 
Droplets of Aqueous  Solution. 
    W. THOMSON has derived the famous 
 equation  for  the _saturation  vapour_  pressure of 
 small  waiter.  drQps,_ which  is  _given  by  _  .
  RT P2 P2-P1 
   M loge Pi 
 2cr  (  1  1                       (4) 
          P Y2 ri 
where  P,,  P2 are respectively vapour pressures 
of water drops of radius  ri and  r,, p is the density 
of water, M is the molecular weight of water, 
R the gas constant, T the absolute  temperature 
of water,  o- the surface tension. Mr. OTA (1949) 
has shown that equation (4) is also applicable 
for the saturation pressure of aqueous solution. 
In equation (4), the second term of the left 
side can be neglected, as it is small compared 
with the first term, and if we assume  , 
then we have 
      RT P' 20-  
     Mloge P(5) • Pr 
 where  14' is  the .saturation pressure for the drop 
of  solution of radius  r  and P is that for the  plane 
surface of the same solution and p and  o- are 
now density and surface tension of solution. 
Putting  R  =8.314 X  107  erg°K-1,  T  =283°K,  M= 
 1,8..0 in equation (5), we have 
 log„  (P'  IP)-6.64 x  10-40(0-:pr). (6)
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 Now we use equation (2) as the saturation 
 pressure P for the plane surface of solution. 
 Then we have 
 loE,o  (P7P0)—log„  (1--0)+0.434(0(02+130) 
 +6,64  x  10-10  o-/pr. (7) 
Further if we express by m the mass of solute and 
by  Ms its molecular weight then we have from 
equation  (3). 
 111;           0  =  ;  
?rep  —  m 
 Ms 18.0 
or 
 r33m 18 +(/1/,— 18)0 (8) 
 47M,  p0 
Equation (7) and (8) together give the relation 
between saturation vapour pressure of the drop 
of solution and its radius. 
    Now the  relation between  saturation 
vapour pressure of the drop of solution and its 
radius can be considered in three stages. In 
the first stage solute is in liquid phase. In this 
stage,  when the drop is sufficiently large satura-
tion pressure is same as the case of plane surface 
of pure water. When the drop becomes small 
by evaporation the effect of surface tension 
begins to happen at first and when the drop be-
comes still smaller the effect of the depression of 
vapour pressure predominates with increase of 
the  concentration. Finally the solute begins to 
crystallize and the drop  enters the second stage. 
    As  H2S0, does not crystallize,  I-1,S0, 
solution has only the first stage alone. In the 
second stage the concentration of solution 
remains  constant, although the size of the drop 
is decreasing by evaporation. Finally all the 
water is evaporated and the solute becomes 
entirely crystalline. This will be called the 
third stage. 
    Now  if we express by  1'0 the radius of the
AWD  A.  MIURA 
 drop at the beginning of the second stage when 
 the solute begins to crystallize, and by n the 
 solubility of the solution  (= the mass of the 
 solute disolved in  100g of water) and by m the 
 mass of the solute and by  pl the density of 
 the saturated solution, then we have 
 n/100  --MA  t  7rro'Pl—rn), 
 or 
 r0  =0.239  x  m(100  +  //)/P/n, (9') 
 1'0=0.620  x  {m(100  +  n)/n}1/3, (9) 
 where we assumed that  pi-1. 
     Further if we express by  rc the radius of 
 the final crystalline state and by  pc its density. 
 then we have 
 m=  479c3pc,  3, 
 or 
 rc—  0.620(  m/pc)  ';'.  •  (10) 
We put p  (a =constant)in (8), then we 
 have 
        ,3m   18+  (Ms-18)0 
                r-            47rMs  (1+  a0)  0 
As 0 is generally small, above formula may be 
written as follows 
 rs  (3m/47rM,)  ( 18/0), 
or 
 0=4.30x  (mfMs)(1/r9). (11) 
Putting (11) in equation (7) and  neglecting_ 
higher order terms, we have 
 log,  ,  — = 6.64 x 10-0x   P
o Pr 
 —A m-  —B 
 ra r6  ' 
where A, B are constants depending upon the 
nature of solute. We assume further that 
cr/p=,surface tension of  water  74.22, then
above formula becomes • 
 PI 1  
 Po  4.92  x  10-x 
                           r 
         —A m—B—m2(12)   •Y367. 
This is the required approximate for-
mula which repersents the relation 
between the  vapour  pressure, the 
mass of solute and the radius of drop. 
We thus have the  following result  : 
1st stage  r>ro 
 login =4.92 x  10-8x                    1   P
or 
          —A  m B  m63)                    r2 
2nd stage  ro>rr,  (13) 
   llog,(, —  4.92  x  10-8x  1  
          —A m—B. m: 
      ro3 
 3rd  'stage  r 
 4. Calculation of Saturation Vapo-
ur Pressure by Approximate For-
mulae, 
    The values of saturation vapour 
pressure for drops containing given 
amounts of solute were calculated 
for several solutions at 10°C by 
 using equation (7) and (8). The values 
of the necessary constants,  0-,  p,  M5 and 
n were taken from the physical tables 
already mentioned. The results of 
calculation  were shown in Fig. 1, 2, 
3, 4 and  5. 
    Next we will consider to use 
equation (13). The constants A, B 
in (13) can be obtained theoretically. 
But then the  reuslts are rather dis-
agreeable by the effects of approxi-
mations assumed in deriving the 
equation (13). Now as can  be  seen 
 from Fig. 1, 2, 3, 4 and 5, if the
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 mass m of solute in the drop is large, 
 for instance, if m  10-"g, only the 
 effect of vapour pressure depression 
 with concentration will come out in 
 the relation between the  vapoUr pres-
 sure and the radius of the drop, and 
 the effect of surface tension is negligible. 
 In equation (13) the first term of the 
 right  hand side expresses the effect 
 of surface tension and the second and 
 the third terms express the effect of 
 vapour pressure depression with con-
 centration.  .Therefore the values of 
 constants  .A, B were determined  from 








4.71  x  10-2 
 1.04  x10-2 
 1.34  x10-2 
2.54 x 10-2 
 1.87  x  10-2
 3.16  x  10-2 
 9.00  x  10-2 
 3.54 x  10-3 
 —6.63x10-3
 4.30  x 10-2
effect of 
effect of 




 and the  relation  : 
   login  P'  =  Bm2    
o0 
 The results  are shown in Table  A. 
      The vapour pressure-drop size re-
 lation is then calculated from (13) with 
 the above values of A, B for the cases 
 in which  m takes other  values than 
 10-14g. The results agree well with 
 those obtained from (7) and (8). For 
 example the results for  NaC1 solution 
 are shown in Table 5. 
     In the case of  I-12SO, solution the 
 results from (13) cannot be reliable 
 when the weight concentration of 
 11,SO, is larger than 50%, as well  as 
 the results from (7) and (8). It is  also 
 remarked that our  approximate  .for-
 mulae do not take into account the 
 adsorption. According to Tsuji the 
 adsorption is important for drops 
 ontain solute of order of  10-18g. It 
 that similar approximate formulae as 
 above will also be obtained for such
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 Table 5
 M  g 
 m..10-17 g{
 M7,-10-1-9  g.{
Radius (r)  )10-5cm) 
 P'  To from (7) and (8) 
 P'/Po from (13) 
Radius (r)  (10-6cm) 
 P'/Po from (7) and (8) 
 P'/P0 from (13) 
Radius (r)  (10-7cm) 
 Pi  To from (7) and (8) 
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